A retrospective cohort study on nosocomial infections (NI) in the neonatal intensive care unit (NICU) was performed in the Children's Hospital of Zhejiang University, Hangzhou district, China. The most common infection site was pneumonia and bloodstream infection. Low admission age, long NICU stay, and mechanical ventilation were significant risk factors for NI. Klebsiella pneumoniae was the most common pathogen, followed by Acinetobacter baumannii, Staphylococcus epidermidi, Pseudomonas aeruginosa, Enterobacter cloacae, and Stenotrophomonas maltophilia. Antibiotic resistance of the isolated bacterium was high. In conclusion, this study described the clinical characteristics of NI in a Chinese NICU, which might contribute to implementation of more effective therapeutic and preventive strategies.
17, 37x. Studies conducted during the past decades indicated that the incidence of NI ranged from 4.6% to 50.7%, even up to 11, 12, 14, 18, 20, 21, [25] [26] [27] [28] 30, 37x . Reported rates of NI in developing countries were 3-20 times higher than those reported in developed countries, and NI were estimated to cause 40% of all neonatal deaths w37x. NI in NICUs is the result of the interaction of several risk factors. Prematurity, illness severity, medical devices, and exposure to broad-spectrum antibiotics have been related to occurrence of NI.
A number of studies indicated that the main sites of NI in neonates were bloodstream infection and pneumonia w1, 3, 14, 20, 21, 25-27x . The most frequent pathogens isolated from the babies with NI were Klebsiella pneumoniae, Acinetobacter baumannii, Staphylococcus epidermidis, Pseudomonas aeruginosa, Enterobacter cloacae, and Stenotrophomonas maltophilia w7, 8, 10, 14, 23, 24, 27, 29, 31x . Additionally, antibiotic resistance in various pathogenic bacteria is becoming a widespread problem. The prevalence of antibiotic resistance varies in different regions of the world. In the face of emerging multi-resistant organisms, antimicrobial therapies are becoming increasingly difficult. Accurate epidemiological information is needed for guiding appropriate empirical therapy. Information on NI in mainland Chinese neonatal intensive units varies among different regions and institutions w33, 34x.
We conducted a retrospective cohort study to assess the clinical characteristics of NI in the NICU, including prevalence, main infection sites, potential risk factors, distribution of pathogens, and antibiotic resistance patterns in Zhejiang province, eastern China.
Patients and methods
The NICU of the Children's Hospital of Zhejiang University is a 30-bed tertiary referral center with an average of 1000 annual admissions located in eastern China. The NICU has written guidelines for infection control including hand hygiene. Waterless chlorhexidine/alcohol hand gel is available at each bedside. Intravenous fluids and total parenteral nutrition solutions are prepared in a separate room by well-trained nurses under laminar air flow. There are three attending neonatologists, two fellows and three senior residents who provide the medical service. The nurse/patient ratio is 1:2-3. This is a retrospective cohort study, all the neonates admitted to the NICU from January 2005 to December 2008 were enrolled except those who had care withdrawal within 24 h after admission. A database was established, medical records of each patient were reviewed, two senior residents were trained for data entry. The definition of NI for patients -12 months of age that was proposed by the Centers for Disease Control and Prevention (CDC) in 1988 was adopted as the standard case definition throughout the study w9x. All the potential NI episodes were firstly monitored by the physician in charge, and then were discussed and categorized by the infection surveillance committee.
1. Bloodstream infection was defined as the presence of symptoms and/or biological signs with (defined) or without (suspected) a positive blood culture w1x.
2. Pneumonia was defined as having progressive new infiltrate chest radiograph, with two of the following signs or symptoms: apnea, tachypnea, purulent sputum, and rales, not present on admission, with or without laboratory evidence of infection. Microbial cultures were performed in the collected clinical specimens. Bacteria were isolated from the clinical specimens by standard microbiological procedures and identified to the species level by conventional biochemical techniques or automated methods with the VITEK system (bioMérieux, Marcy l'Etolile, France). Antimicrobial susceptibility testing of the bacterial isolates was determined by the disk-diffusion method according to the National Committee for Clinical Laboratory Standards.
Statistical analysis was performed using descriptive statistics such as frequency and percentage, mean and standard error of mean (SEM), or median. The incidence of NI was calculated with the number of infections per 100 admitted neonates and number of infections per 1000 patient-days. Logistic regression analysis was used to assess potential risk factors of NI. Clinical characteristics of neonates without NI were collected and used as controls. The association between risk factors and the development of NI were estimated by odds ratio (OR) and their corresponding 95% confidence interval (CI). The area under the receiver operating characteristic (ROC) curve is used to evaluate the predictive power of a logistic regression model. A P-0.05 was considered to be statistically significant.
Results
A total of 3942 neonates were enrolled in this study from January 2005 to December 2008. The length of NICU stay ranged from 1 to 156 hospital days (mean, 9 days). A total of 347 patients developed NIs, a single episode of infection was diagnosed in 318 (91.6%) infants, and two and more infections were diagnosed in 29 (8.4%) infants. The NI incidence rates are shown in Table 1 , with an average of overall NI and patient-day rates of 8.8 infections per 100 patients and 8.14 infections per 1000 patient-days, respectively. The incidence of NI in babies weighed -1500 g, 1500 g-2499 g, and G2500 g was 16.7%, 8.4%, and 7.0%, respectively. Demographic characteristics of patients are shown in Table 2 . The most frequent NI was pneumonia (ventilator-associated pneumonia, 72.6%), followed by bloodstream infection (catheterassociated bloodstream infection accounts for 47.1%) ( Table  3) .
A total of 258 bacterial strains were isolated from cultures of patients with clinical evidence of infection: tracheal secretion (ns181), blood (ns59), stool (ns21), pleural fluid (ns7), urine (ns4), cerebrospinal fluid (ns3), and other (ns4). Overall, Gram-negative bacteria (72.1%) were more common than Gram-positives (19.8%), whereas fungal infections ranked third (8.1%). K. pneumoniae (26.4%), A. baumannii (13.6%), S. epidermidis (8.1%), P. aeruginosa (7.4%), E. cloacae (6.6%), and S. maltophilia (4.7%) were the most common etiologic agents isolated from cultures and responsible for )60% of infections (Table 4) . Among pathogens from tracheal secretion, K. pneumoniae was most frequently isolated (50, 27.6%), followed by A. baumannii (34, 18.8%), P. aeruginosa (18, 9.9%), E. cloacae (15, 8.3%), S. maltophilia (11, 6.1%), respectively. Among pathogens isolated from blood cultures, candida species (18, 30.5%) was the most frequent, S. epidermidis (14, 23.7%) ranked second, followed by K. pneumoniae (5, 8.5%). S. maltophilia and E. cloacae were more frequently isolated in babies weighed -1500 g compared with other babies, whereas P. aeruginosa and A. baumannii were more frequently seen in babies weighed G2500 g. The proportions of A. baumannii and S. epidermidis significantly increased since 2005, while those of S. maltophilia and P. aeruginosa declined.
Univariate logistic regression analysis indicated that the clinical characteristics most strongly associated with the onset of NI were a low admission age (-24 h, ORs2.2, 95% CI 1.7-2.9); a low gestation age at birth (F32 weeks, ORs3.6, 95% CI 2.7-4.9); a low birth weight (-1500 g, ORs4.0, 95% CI 2.8-5.5); a long stay in NICU (ORs1.09, 95% CI 1.07-1.1); and the need of mechanical ventilation (MV) and central venous catheter (CVC) (ORs3.3, 95% CI 2.4-4.6; ORs2.8, 95% CI 2.0-3.9, respectively). However, in the final multivariate logistic regression model, only low admission age, long NICU stay, and MV were independent predictors (ORs1.9, 95% CI 1.4-2.7; ORs1.1, 95% CI 1.07-1.1; ORs3.6, 95% CI 2.6-5.1, respectively). ROC curve revealed that this model could be used to predict the development of NI, the area under the curve was 0.848"0.012 (95% CI 0.8-0.9; Figure 1 ).
Selected antimicrobial susceptibility patterns are presented in Table 5 . 
Discussion
Our study shows that the mean incidence of NI was 8.8 episodes per 100 admissions, and 8.14 episodes per 1000 patient-days, which is in agreement with USA NICUs w26x.
The newly built NICU setting and rational infection control practice are contributing to the low incidence rate. In the present study, the most common NI was pneumonia with ventilation-related pneumonia accounting for )70% of pneumonia cases, and bloodstream infection ranked second with the catheter-related sepsis accounting for about half of bloodstream infection cases. This result was different from that reported by Su et al. w27x who described bloodstream infection as the most prevalent NI, which could be associated with the fact that hyaline membrane disease was the most common primary disease of hospitalized infants in our NICU. A low admission age, long NICU stay, and MV were significant predictors of NI.
In this retrospective series, we investigated the distribution and resistance spectrum of pathogens isolated from the patients with NI. We found that the majority of isolated pathogens were Gram-negative bacteria, and the proportion of Gram-positive bacteria was -20%. The proportion was similar to other reports in some developed or developing countries w6, 37x. This change seems to be related to the increasing antimicrobial resistance among Gram-negative bacteria and may thus be contributing to Gram-negative bacteria as a dominant pathogen. K. pneumoniae and A. baumannii were the most frequently identified organisms causing nosocomial pneumonia, whereas S. epidermidis was the most common organism causing nosocomial bloodstream infection. This distribution was similar to previous reports w6, 31, 37x. Additionally, our study revealed a trend in the distribution of pathogens. S. maltophilia and E. cloacae isolates were more commonly found in babies weighed -1500 g, whereas P. aeruginosa and A. baumannii isolates were more frequently found in babies weighed G2500 g. Some pathogens isolated, such as A. baumannii and S. epidermidis, gradually increased from 2005 to 2008. The trend of distribution of pathogens by birth weight and year might help clinicians to choose antimicrobials for empiric treatment of NI in neonates. Antimicrobial resistance is a growing problem that complicates not only the treatment of community-acquired infections but also NI. Antibiotic resistance is also increasing in the intensive care unit, particularly for Gram-negative organisms such as ESBL-producing strains of K. pneumonia, multidrug resistant P. aeruginosa and A. baumannii w19, 32x. Clinicians are commonly facing the organisms that are resistant to most broad-spectrum agents. Our study revealed that ESBL-producing isolates of K. pneumonia were highly resistant to ampicillin, amoxycillin-clavulanate, imipenem, and most cephalosporins, but remained susceptible to amikacin, cefotetan, fluoroquinolones and beta-lactamase inhibitor combinations, which was similar to that reported by Huang et al. w12x . Inconsistent with previous studies w5, 12x, our study demonstrated that all the ESBL-producing isolates of K. pneumonia were resistant to imipenem. The antimicrobial resistance of K. pneumonia could be associated with the infection control situation in our NICU. On the one hand, some patients from other hospitals received antibiotic therapy before being transferred to our NICU. In China, cephalosporins are the most frequently used antibiotics. Particularly in intensive care units, substantial empiric administration of antibiotics would provide selective pressure for the emergence of resistance among pathogenic microorganisms. On the other hand, aminoglycosides are not recommended for use in children under six years. Additionally, most hospitals are unable to detect blood drug concentration.
A. baumannii is a non-fermentative Gram-negative bacterium, and may cause hospital acquired infections especially in critically ill patients w13, 15x. Furthermore, multidrug resistance isolates of A. baumannii to three or all four antimicrobials including ceftazidime, ciprofloxacin, gentamycin, and imipenem emerged in some hospitals as well as in the NICU w13, 15, 16x. Our study showed that only 10-20% of A. baumannii isolates were resistant to beta-lactamase inhibitor combinations, ceftazidime, and imipenem; -10% of isolates were resistant to aminoglycosides and quinolones. The resistance rate to imipenem was in agreement with those reported by Chang et al. and Jarousha et al. w5, 13x , and the rate to aminoglycosides was lower than their reports. However, the resistance rate to aminoglycosides and imipenem was significantly lower than that reported by Yu et al. w36x who demonstrated that the resistance rates were 97.8% and 100%, respectively. These susceptible antibiotics could be therapeutic options for A. baumannii organisms. In recent years, E. cloacae are becoming important nosocomial pathogens. In the NICU, outbreaks due to E. cloacae infections have been reported w7, 10, 29x. E. cloacae are intrinsically resistant to aminopenicillins, cefazolin, and cefoxicin due to production of constitutive chromosomal AmpC beta-lactamases. Moreover, beta-lactams exposure would increasingly induce resistance to third-generation cephalosporins w22x. Our data also confirmed this trend. We found that all the isolates of E. cloacae were resistant to ampicillin, amoxycillin-clavulanate, cefazolin, quinolones, and carbapenems. The resistance rates to the latter two antibiotics were higher than that reported by Ye et al. w35x . Except for amikacin and cefobid-sulbatam, these isolates were highly resistant to other tested antibiotics. It is a troubling problem for clinicians to face this increasing resistance trend. Nevertheless, some previous studies demonstrated that the simplest and effective measurement of controlling E. cloacae infections was a good hygiene practice w7, 29x. Therefore, this further reveals that it is very important to make a rational infection control strategy in every NICU.
Resistance to various antimicrobial agents in S. maltophilia, P. aeruginosa, and S. epidermidis isolates was very common in our study, consistent with previous studies w4, 5, 8, 31x. The higher resistance to antibiotics could be associated with antibiotic pressure.
This study has a few limitations. First, this is a retrospective study. Second, the study subjects were selected from only one NICU in eastern China, generalization of the findings can be limited. Third, molecular epidemiology of the isolated pathogens was not studied, and the epidemiology of pathogenic colonization was also not studied. However, these limitations do not impact on understanding the clinical characteristics of NI, and particularly the antibiotic resistance patterns.
In conclusion, the present study provides useful information on NI in the NICU in a teaching hospital in China over a four-year period. The incidence of NI, main infection sites, and common pathogens were similar to previous studies. A low admission age, long NICU stay, and MV were significant predictors for NI. Resistance to antibiotics in commonly isolated pathogens is also very common in eastern China. The knowledge of the clinical characteristics of NI might contribute to implementation of more effective therapeutic and preventive strategies.
